Systemic biochemical indexes of sympathetic nerve function-plasma catecholamine concentrations and serum dopamine-/3-hydroxylase activity-were correlated with regional indexes-norepinephrine concentration and activities of noi-epinephrine biosynthetic enzymes in the vas deferens-and with blood pressures and pulse rates of 57 men at the time of vasectomy. Mean plasma catecholamine content was increased 66% and 60% in men with elevated systolic and elevated systolic and diastolic blood pressures, respectively. The norepinephrine concentration, tyrosine hydroxylase activity, and dopa decarboxylase activity in the vas deferens were increased in 12%, 26%, and 17% of the men with elevated blood pressure, respectively. Tyrosine hydroxylase and dopa decarboxylase in the men with elevated systolic blood pressure were increased 41% and 68%, respectively, compared with values in the men with normal blood pressure (P < 0.05 and P < 0.02). Individual plasma catecholamine content was related directly to both systolic and mean blood pressure (P < 0.01) and to activities of vas deferens tyrosine hydroxylases (P < 0.05) and dopa decarboxylase (P < 0.01). There was a weak, but not significant, correlation of plasma catecholamine concentration with serum dopamine-/3-hydroxylase activity. Raised plasma catecholamine concentration in men with elevated blood pressure prior to vasectomy was associated with increased neurotransmitter biosynthesis in their vas deferens, which may indicate increased sympathetic nerve tonicity and perhaps be a factor contributing to the blood pressure elevation.
• Recently developed methodologies for measuring plasma catecholamine concentrations and serum dopamine-/3-hydroxylase activity have afforded more precise study of systemic sympathetic nerve tone in patients with hypertension (1) (2) (3) . After sympathetic nerve activity, the concentrations of catecholamines in plasma are affected by relative rates of neural synthesis, storage, release, and reuptake and by intra-and extraneuronal degradation by the enzymes catechol-O-methyl transferase and monoamine 118 oxidase. Although dopamine-/3-hydroxylase enters the circulation via exocytosis from sympathetic nerve vesicles, the factors influencing its activity in plasma are understood less well than those controlling the content of norepinephrine. Increased levels of plasma catecholamines have been found in some patients with primary hypertension (4) (5) (6) . Increased and normal serum dopamine-/3-hydroxylase activities have been reported in primary hypertension (7) (8) (9) (10) .
Intact sympathetic innervation is essential for normal genital function. Sexual dysfunction can occur after therapeutic sympathectomy (11) , the autonomic neuropathy of diabetes mellitus, and antiadrenergic drug therapy (12) . It is known that the vas deferens of several mammals has dense adrenergic innervation and large amounts of catecholamines (13, 14) ; however, little is known about the determinants of catecholamine biosynthesis, content, and metabolism in the human vas deferens. Incomplete erection and ejaculatory failure have been associated
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with resting hypotension, and inability to maintain erection and premature ejaculation have been associated with resting hypertension (15) . These clinical observations suggest that norepinephrine biosynthesis and metabolism in the vas deferens are related to systemic sympathetic nerve activity.
To determine whether increased plasma catecholamine levels in men with elevated arterial blood pressure are related to increased norepinephrine synthesis, we applied standard biochemical techniques previously used in investigations of hypertensive animals (16) (17) (18) to the study of vas deferens norepinephrine biosynthesis in tissue specimens obtained from 57 men at the time of elective vasectomy for purposes of sterilization. Two general relationships were studied: (1) the content of norepinephrine and the activities of the enzymes of norepinephrine biosynthesis in the vas deferens as related to arterial blood pressure and pulse rate prior to vasectomy and (2) the concentration of plasma catecholamines and the activity of serum dopamine-/3-hydroxylase as related to neurotransmitter biosynthesis in the vas deferens.
Methods
The men used in this study were 20-50 years of age; they came to the Los Angeles County-University of Southern California Medical Center Fertility Clinic for elective vasectomy and gave informed consent for the investigation. Men taking medications and those with known physical or psychiatric disorders were excluded. Three patients with prior knowledge of hypertension were included in the study.
Specimens were obtained in the late afternoon, 3:00-5:00 PM. About 1 hour prior to vasectomy, the systolic and diastolic blood pressure and the pulse rate of each man were determined twice, once after the subject had been supine for 10 minutes and again after he had been supine for 15 minutes. The mean value for each measurement was used in this study. Vasectomy was performed under local xylocaine anesthesia; 3-5 ml of 1% xylocaine was injected subcutaneously in the region of the vas deferens. Each vas deferens was isolated, pulled gently out of the skin incision, and ligated proximally and distally. A 3-cm segment weighing 100-200 mg was excised from each side. The procedure was standardized so that tissue was obtained from approximately the same region of each vas deferens. Each specimen was transferred rapidly to Dry Ice, kept frozen for 1 week at-80°C, and then thawed at the time of assay. The vas deferens was cleaned of all connective tissue and homogenized in ice-cold 0.25M sucrose. Enzyme activities were determined in the crude Circulation Research, Vol. 36, January 1975 homogenates: tyrosine hydroxylase from the conversion of 14 C-tyrosine to 14 C-dopa (19) , dopa decarboxylase from conversion of 3 H-dopa to dopamine (20) , and dopamine-0-hydroxylase from the conversion of tyramine to the oxidation product of octopamine (21) . When the amount of homogenate (2.5-10 mg of tissue) used in the assay was added to serum (0.1 ml), 81-92% of the serum dopamine-/3-hydroxylase activity was recovered. The enzyme reaction was linear with time; the pH at maximal activity was the same as that proposed for the serum dopamine-/3-hydroxylase assay. The activities of tyrosine hydroxylase and dopa decarboxylase decreased to 85% and 75% of their initial levels, respectively, but there were no significant changes in either norepinephrine concentration or dopamine-/J-hydroxylase activity in tissues frozen for 1 week (22) . Norepinephrine was assayed by a fluorometric method (23) , and tissue protein was measured by a photometric method (24) .
Blood samples obtained from the men after they had been supine for 15 minutes, approximately 1 hour prior to vasectomy, were drawn into tubes on ice and preserved with ethylenediaminetetraacetic acid (EDTA). The plasma, separated in a refrigerated centrifuge, was stored at-20°C after citrate buffer and ascorbic acid had been added. A sample of blood was allowed to clot at 4 C C; the serum was separated and stored at -20°C and used for the dopamine-/3-hydroxylase determination. Total plasma catecholamine concentrations were measured in 31 men, and norepinephrine and epinephrine were assayed separately in 18 other men. Serum dopamine-/3-hydroxylase activity was measured in 53 men. Plasma catecholamines were assayed according to the double-isotope derivative method of Engelman and Portnoy (2) with a minor modification (5) . Serum dopamine-/3-hydroxylase was measured by the photometric method described by Nagatsu and Udenfriend (21) .
The men were separated into three groups. Group A included 33 men whose systolic blood pressure was less than 140 mm Hg and whose diastolic blood pressure was less than 90 mm Hg; group B included 12 men whose systolic blood pressure was 140 mm Hg or greater and whose diastolic blood pressure was less than 90 mm Hg, and group C included 12 men whose diastolic blood pressure was 90 mm Hg or greater. Means were derived for men in each group and were compared using Student's f-test.
Results
BLOOD PRESSURE AND PULSE CHARACTERISTICS OF THE MEN
The mean systolic and diastolic blood pressures for the men are indicated in Table 1 . The values for group A were 125 ± 2 and 70 ± 1 mm Hg, respectively; for group B they were 149 ± 3 and 74 ± 3 mm Hg, and for group C they were 153 ± 3 and 95 ± 2 mm Hg. The mean systolic blood pressures of the men in groups B and C were significantly Values are means ± SE, and the number of men studied is given in parentheses.NE= norepinephrine, TYH = tyrosine hydroxylase, DDC = dopadecarboxylase, DBH = dopamine-/3-hydroxylase, and NS = not statistically significant. See text and legend to Figure 1 for explanation of groups A-C.
greater than that of the men in group A (P < 0.001), and the mean diastolic blood pressure of the men in group C was significantly greater than those of the men in groups A and B (P < 0.001). The mean pulse rates of groups A, B, and C were 73 ± 2, 83 ± 3, and 82 ± 2 beats/min, respectively. The mean pulse rate of the men in group A was less than those of the men in groups B and C (P < 0.001). The mean ages of the men in groups A, B, and C were not significantly different, 31 ± 2, 31 ± 2, and 35 ± 2 years, respectively.
There was a direct correlation between pulse rate and systolic, pulse, and mean blood pressure in each man (P < 0.01). However, there was no correlation between pulse rate and diastolic blood pressure. The coefficients of correlation, the P values, and the equations of the regression lines for these relations are shown in Table 2 .
VAS DEFERENS NOREPINEPHRINE CONCENTRATION AND ENZYME ACTIVITIES
The norepinephrine concentrations and the enzyme activities were expressed in terms of amount per milligram of protein.
The mean concentration of protein for all specimens was 109 ± 2 mg/g tissue. There were no significant differences in the mean protein contents of the three groups.
Relation to Age.-The means of the concentrations of norepinephrine and the activities of the norepinephrine biosynthetic enzymes of the men grouped according to age (< 30, 30-39, > 40 years) were not significantly different.
Relation to Blood Pressure.-The mean content of vas deferens norepinephrine (ng/ mg protein) of the men in group B was 17% and 29% greater than those of the men in groups A and C, respectively; the differences were not quite significant ( Table 1) . The mean tyrosine hydroxylase activity of the men in group B was 41% greater than that of the men in group A (P < 0.05) and 35% greater than that of the men in group C (the difference was not significant). The mean dopa decarboxylase activity in group B was 68% and 67% greater than those in group A (P < 0.02) and group C (P < 0.05), respectively. The mean dopamine-/3-hydroxylase activity of only four men in group B was 36% greater than the mean for group A. The ratio of the mean activities of the enzymes tyrosine hydroxylase, dopa decarboxylase, and dopamine-/3-hydroxylase for all of the men was 1:7:15.
The activities of tyrosine hydroxylase in vas deferens were arranged in groups according to blood pressures (Fig. 1 
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(26% of the men with elevated blood pressure) and one man with normal blood pressure (3%) had increased vas deferens tyrosine hydroxylase activity. Dopa decarboxylase activity and the content of norepinephrine were increased significantly in 17% and 12% of the men, respectively, with elevated arterial blood pressure (groups B and C) but not in any of the men with normal blood pressure. The values of two of these three parameters-norepinephrine content, dopa decarboxylase activity, and tyrosine hydroxylase activity-were increased in 22% of the men with elevated blood pressure but not in any of the men with normal blood pressure.
Relation to Pulse Rates.-The mean content of norepinephrine and the activities of tyrosine hydroxylase, dopa decarboxylase, and dopamine-j8-hydroxylase in vas deferens of men with pulse rates of 80 beats/min or more were 17. vs. dopamine-/3-hydroxylase activity, y = 1.6x + 9.5, r = 0.60, P < 0.01. The relation of the activity of tyrosine hydroxylase to dopa decarboxylase in individual vas deferens specimens is expressed by y = 0.08x + 0.11, r = 0.73, P < 0.01.
CORRELATION OF PLASMA CATECHOLAMINE CONCENTRATIONS WITH PULSE RATES AND BLOOD PRESSURES
The means of the concentration of total plasma catecholamines in the men of groups B and C were increased 66% and 60%, respectively, compared with the mean value in the men of group A (Table 1 ). In 6 of 12 men from group B and 3 of 8 men from group C, total plasma catecholamine content was significantly increased; i.e., it was greater than the mean + 2 SD for the men in group A (Fig.  2) . The concentration of plasma norepinephrine or epinephrine or of total catecholamines did not correlate with the individual pulse rates of the men in groups A, B, and C. The total plasma catecholamine content of the men correlated significantly with their systolic, pulse, and mean blood pressures (P < 0.05). There was a positive correlation of diastolic blood pressure with concentration of total plasma catecholamines (P < 0.05) when men with diastolic blood pressures of 60 mm Hg or more were included. The coefficients of correlation, the P values, and the equations of the regression lines are given in Table 3 .
Plasma norepinephrine as determined separately was increased significantly in four of eight men in group B compared with an increased plasma norepinephrine level in one of seven men in group A. The means of plasma norepinephrine concentrations in the men of groups A, B, and C were 153 ± 15, 231 ± 44, and 179 ± 43 ng/liter, respectively. The mean plasma norepinephrine concentrations of groups B and C were 50% and 17% greater than that of group A. These differences were not significant. Mean plasma epinephrine concentrations of the three groups were similar, 59 ± 6, 61 ± 18, and 54 ± 12 ng/liter, respectively. The mean percent of the total catecholamine content made up of norepinephrine in groups A, B, and C was 72%, 80%, and 77%, respectively. These values were not different statistically. There was a preponderance of norepinephrine, 83-97% of the total catecholamine content, in the four men with increased plasma norepinephrine levels. Because of the smaller number of determinations, there was no significant correlation of the individual concentrations of plasma norepinephrine with systolic, diastolic, mean, and pulse pressures.
CONCENTRATIONS OF PLASMA CATECHOLAMINES RELATIVE TO VAS DEFERENS NEUROTRANSMITTER BIOSYNTHESIS
The individual concentrations of total plasma catecholamines correlated significantly with the activities of tyrosine hydroxylase (P < 0.05) and dopa decarboxylase (P < 0.01) in the vas deferens. On the other hand, the activities of tyrosine hydroxylase and dopa decarboxylase in the vas deferens correlated poorly with the total plasma catecholamine content in 4 of 7 men in group C. Seven of 23 men with elevated blood pressure (31%) had tyrosine hydroxylase activities which were greater than the mean + 2 SD of the mean for the men in group A. Total plasma catecholamine content was not correlated with norepinephrine concentration or with activity of dopamine-/3-hydroxylase in the vas deferens. The coefficients of correlation, P values, and equations of regression Abbreviations are the same as in Table 1 . *Number of subjects with diastolic blood pressure of 60 mm Hg or greater. +Number of subjects in groups A and B; they were analyzed separately from group C.
Correlation of Total Plasma Catecholamines with Blood Pressures and Concentrations of Norepinephrine and Activities of Neurotransmitter Biosynthetic Enzymes in Vas Deferens
lines for plasma catecholamines with blood pressures and vas deferens norepinephrine content and biosynthetic enzyme activities are shown in Table 3 . Plasma norepinephrine was assayed in a small number of the men, and there was no significant correlation with concentration of norepinephrine or activities of norepinephrine biosynthetic enzymes in the vas deferens.
SERUM DOPAMINE-/3-HYDROXYLASE RELATED TO BLOOD PRESSURE AND REGIONAL INDEXES OF NEUROTRANSMITTER METABOLISM
The means of the activity of serum dopamine-/3-hydroxylase in men of groups A, B, and C were 35 ± 5.5, 40 ± 9.1, and 43 ± 7 nmoles/mg protein hour" 1 , respectively. These values were not different statistically from each other (Table 1, Fig. 3 ). There were no correlations of serum dopamine-/3-hydroxylase with pulse rates or with systolic, diastolic, mean, or pulse pressures. Dopamine-/3-hydroxylase activity correlated weakly, but not significantly, with the concentration of plasma norepinephrine (r = 0.44, 0.05 > P < 0.1). Serum dopamine-/3-hydroxylase activity did not correlate with the concentration of plasma epinephrine, the total plasma catecholamine concentration, the vas deferens norepinephrine concentration, or the activities of biosynthetic enzymes in the vas deferens.
Discussion
The 20% incidence of increased diastolic blood pressure in men prior to vasectomy was similar to that found in the general population (25). The elevated blood pressures may have been due in part to increased cardiac output and cardiac acceleration as a consequence of preoperative emotional stress, since individual systolic, pulse, and mean blood pressures were related directly to simultaneous pulse rates. Whether or not these men had established hypertension awaits follow-up studies.
Sympathoadrenal activity has been found to be increased in some patients with hypertension (26). Plasma catecholamines, reflecting sympathoadrenal activity, could have been increased in the men used in the present study by one or more of the following factors. (1) Degradation could have been decreased; defective oxidative metabolism of catecholamines has been postulated to explain findings in some patients with hypertension (27) . (2) Excretion could have been decreased. The reported incidence of raised plasma catecholamines in patients with hypertension (4-6) exceeds that of increased urinary catecholamine excretion (26, 28) . This discrepancy suggests that the clearance of norepinephrine is decreased in hypertension. However, there is evidence to the contrary (29) . (3) Sympathetic nerve tonicity and norepinephrine biosynthesis could have been increased. It has been proposed that the increased plasma catecholamines found after exercise originate from cardiac tissues rather than from sympathetic nerve endings of other organs (30) . Other studies have suggested that the heart is a major but not the sole contributor to endogenous norepinephrine production (31) . However, in this study, the individual concentrations of total plasma catecholamines were correlated directly with the individual activities of tyrosine hydroxylase in vas deferens tissues, except in two patients in each of groups B and C. (4) Neuronal reuptake or neuronal storage could have been deficient, allowing more norepinephrine to reach the circulation. However, the tricyclic antidepressants, reuptake inhibitors, have been found to decrease plasma catecholamines in humans (32) .
Plasma catecholamines correlated directly with the activities of two biosynthetic enzymes in the vas deferens. When the plasma catecholamines were increased or normal, the activities of the vas deferens biosynthetic enzymes were also increased or normal in 15 of 19 men with elevated blood pressure. The activities of vas deferens tyrosine hydroxylase and dopa decarboxylase were normal however in 3 of the men with increased plasma catecholamines. There was increased activity of the vas deferens biosynthetic enzymes with normal plasma catecholamines in 1 man. Men with elevated systolic blood pressure had increased mean plasma catecholamine contents and vas deferens biosynthetic enzyme activities. However, men with increased diastolic blood pressure had increased mean plasma catecholamine contents and normal mean biosynthetic enzyme activities. A different biochemical mechanism could account for the lower biosynthetic capacity in the men with elevated diastolic blood pressure. Perhaps, sympathetic nerve tone was suppressed in these men. Three had documented hypertension. Blood pressure can be maintained by mechanisms that reduce sympathetic nerve tone in some patients with established primary hypertension (33) .
Human vas deferens contained norepinephrine and tyrosine hydroxylase in amounts similar to those found in the human heart (34, 35) , suggesting that the sympathetic nervous system is equally important in the regulation of the function of these organs. These biochemical indexes of sympathetic nerve function were not related to the sexual activity of the men. There was a direct correlation of the concentration of norepinephrine with the activities of the biosynthetic enzymes in the vas deferens, suggesting that norepinephrine biosynthesis is an important factor in regulating norepinephrine content. The activity of tyrosine hydroxylase was the lowest of the three biosynthetic enzymes, suggesting that tyrosine hydroxylase is rate limiting in norepinephrine biosynthesis in the vas deferens as well as in other organs (36) . Of the three biosynthetic enzymes, only dopa decarboxylase occurs both intra-and extraneuronally. The intraneuronal contribution to total vas deferens dopa decarboxylase activity was not determined. There is a question about whether neural dopa decarboxylase can be regulated via a transsynaptic process (37) (38) (39) . However, in the present study, dopa decarboxylase activity correlated significantly with tyrosine hydroxylase activity and norepinephrine content, suggesting that the increased capacity for norepinephrine synthesis in the vas deferens results from increases in both Circulation Research, Vol. 36, January 1975 tyrosine hydroxylase and dopa decarboxylase, evidence for transsynaptic induction of both enzymes. The activities of tyrosine hydroxylase and dopa decarboxylase were increased significantly in vas deferens tissue of men with higher systolic blood pressures and pulse rates, and the concentration of norepinephrine and the activity of dopamine-/8-hydroxylase tended to be greater in these men. The mean dopamine-/3-hydroxylase activity in the vas deferens, 6.5 nmoles/g min~', was significantly less than the mean value in serum, 42.6 nmoles/ml min-1 (21) . The activities of dopamine-/3-hydroxylase in normal human tissues have not been reported previously except for those in blood (40) and postmortem adrenal gland (22) . Dopamine-/3-hydroxylase, the final enzyme in norepinephrine biosynthesis, has become an object of study in hypertension. The presence of large amounts of this enzyme in serum and its relative stability and ease of measurement would appear to make it useful in the study of sympathetic nerve activity. However, the validity of serum dopamine-/3-hydroxylase activity as a reliable indicator of sympathetic nerve activity remains inconclusive. Increased serum dopamine-/3-hydroxylase activity has been reported in a group of subjects with labile hypertension (9) . There have been other reports of increased (7, 8) and normal (10) dopamine-/3-hydroxylase activity in serum of hypertensive patients. Circulating dopamine-/3-hydroxylase activity may be related more to the genetic characteristics of race, sex, and other hereditary factors (41) . The concentration of the plasma catecholamines, but not the activity of serum dopamine-/3-hydroxylase, was correlated with the activities of the neurotransmitter biosynthetic enzymes in the vas deferens. Serum dopamine-/3-hydroxylase may be less reliable than plasma catecholamines as an indicator of sympathoadrenal function because of the wide variation in serum dopamine-/3-hydroxylase activity in men with normal blood pressure. The activities of the biosynthetic enzymes in the vas deferens appear to be better indicators of sympathetic nerve tonicity than is the content of vas deferens norepinephrine.
Increased sympathetic nerve tonicity may be an important factor responsible for blood pressure elevation in some men prior to vasectomy and in others with primary hypertension. The correlations of increased plasma catecholamines with both blood pressure and the activities of the neurotransmitter biosynthetic enzymes in the vas deferens suggest that increased sympathoadrenal activity is associated with increased neurotransmitter biosynthesis. However, the relation of systemic sympathetic nerve function to the regional tonicity of the short adrenergic system (42) of the vas deferens is open to question. The present study indicates, but does not confirm, that there is a direct correlation between biochemical indexes of systemic sympathetic nerve function and indexes of regional tonicity of the short adrenergic system in the vas deferens of man.
